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1 

Method for determining the instant at which a nitrogen 

oxide storage catalyst is switched from the storage 
phase to the regeneration phase and for diagnosing the 

storage properties of this catalyst 

5 

Description 

The present invention relates to the exhaust-gas 
purification of internal combustion engines which are 
10 operated predominantly with a lean air/fuel ratio, 
known as lean-burn engines, including diesel engines 
and lean-burn gasoline engines. Lean-burn engines were 
developed to reduce fuel consumption. They should 
ideally save up to 25% of the fuel. 

15 

One problem with these engines is the removal of the 
nitrogen oxides formed during combustion from the lean 
exhaust gas. Depending on the operating state of the 
engine, the nitrogen oxides emitted by these engines 

20 comprise from 60 to 95% by volume of nitrogen monoxide. 
On account of the high oxygen content of the lean 
exhaust gas, it is very difficult to reduce the 
nitrogen oxides to nitrogen and thereby to render them 
harmless. One possible way of removing the nitrogen 

25 oxides consists in purifying the exhaust gases with the 
aid of a nitrogen oxide storage catalyst. 

Nitrogen oxide storage catalysts are well known to the 
person skilled in the art. They contain basic oxides, 

30 carbonates or hydroxides of the alkali metals, 
alkaline-earth metals and/or rare earths as well as a 
catalytic component, generally platinum, for oxidizing 
the nitrogen monoxide to nitrogen dioxide during normal 
operation, i.e. during lean-burn operation, of the 

35 engine with a lean air/fuel ratio. During lean-burn 
operation, the nitrogen dioxide which is generated is 
bound by the basic components of the storage catalyst 
in the form of nitrates. Since a nitrogen oxide storage 
catalyst of this type has only a limited storage 
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capacity, it has to be regenerated from time to time, 
i.e. the stored nitrogen oxides have to be released 
again and reduced to form nitrogen. This is done by 
briefly operating the lean-burn engine with a rich 
5 air/fuel ratio. The required, regular regeneration of 
the storage catalyst limits the maximum saving on fuel 
consumption which can be achieved with a lean-burn 
engine . 

0 The quantity of nitrogen oxides which has been taken up 
by a storage catalyst is described by what is referred 
to as the nitrogen oxide filling level, or just filling 
level for short. The filling level is the ratio of the 
quantity of nitrogen oxides actually stored to the 

5 maximum quantity of nitrogen oxides which can be stored 
in the catalyst under the prevailing exhaust-gas 
conditions . 

For the reduction in nitrogen oxide emissions which can 

0 be achieved with a nitrogen oxide storage catalyst, it 
is important for the regeneration to be initiated in 
good time before the storage capacity of the storage 
catalyst is exceeded. For this purpose, it is customary 
to define a limit filling level, which is below the 

5 storage capacity of the catalyst. The prevailing, 
current filling level is determined while the storage 
catalyst is operating. If the current filling level 
exceeds the limit filling level, regeneration of the 
storage catalyst is initiated. If the limit filling 

0 level is selected to be a low one, the residual 
emissions of nitrogen oxides which still remain are 
low, but the fuel consumption is undesirably increased 
as a result of the frequent regeneration. If the limit 
filling level is close to the storage capacity, the 

5 proportion of nitrogen oxides which cannot be converted 
rises. Moreover, there is a risk of the defined limit 
filling level being exceeded more frequently on account 
of inaccurate determination of the current filling 
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level, which further increases the remaining nitrogen 
oxide emissions. 



The nitrogen oxide filling level which is present 
5 during the storage phase is generally determined 
continuously by integration of the nitrogen oxide mass 
stored per unit time at each instant. A mathematical 
model of the storage process is frequently used for 
this purpose. For example, DE 100 36 453 Al describes a 

10 method for operating a nitrogen oxide storage catalyst 
of an internal combustion engine, in which, in a first 
operating phase (storage phase), the nitrogen oxides 
from the exhaust gas are stored in the storage catalyst 
and, in a second operating phase (regeneration phase) , 

15 are released from the storage catalyst. The start of 
the second operating phase is determined on the basis 
of a nitrogen oxide filling level which is modeled on 
the basis of a nitrogen oxide storage model. To allow 
the start and end of the second operating phase to be 

20 determined as accurately and reliably as possible, the 
nitrogen oxide mass flow is recorded downstream of the 
storage catalyst and corrected as a function of the 
recorded value . 



25 In addition to the problem of determining the optimum 
instant to switch from the storage phase to the 
regeneration phase, it is also necessary to monitor the 
increasing storage capacity with increasing operating 
time (aging) of the storage catalyst. 

30 

The aging of the storage catalyst is composed of a 
temporary component and a permanent component. The 
temporary component is related to poisoning by the 
sulfur compounds contained in the exhaust gas. These 
35 compounds, with the basic components of the storage 
catalyst, form sulfates which compete with the 
nitrates. The sulfates are significantly more stable 
than the nitrates and cannot be removed during normal 
regeneration of the storage catalyst. Therefore, they 
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reduce the nitrate storage capacity to an increasing 
extent . 



However, the sulfate loading of the storage catalyst 
5 can be reduced again. This process is known as 
desulfating. For this purpose, the catalyst has to be 
heated to approximately 650°C and the fuel content of 
the exhaust gas has to be increased (enrichment) . The 
normalized air/fuel ratio A during desulfating is 
10 typically in the range between 0.7 and 0.98. 

The permanent aging of a storage catalyst is related to 
thermal damage to the component of the storage 
catalyst. Overheating causes the storage materials 
15 themselves and also the catalyt ically active precious 
metals to sinter together, so that they lose active 
surface area. This process cannot be reversed. 

For use in a motor vehicle, it is necessary to monitor 
20 the aging of the storage catalyst in order to initiate 
desulfating on demand, to switch the vehicle to 
stoichiometric operation or if appropriate to trigger a 
signal that the catalyst needs to be replaced. This 
process is known as OBD (On Board Diagnosis) . A 
25 suitable method for testing the efficiency of a 
nitrogen oxide storage catalyst which is arranged in 
the exhaust section of an internal combustion engine 
operated with a lean mix is described, for example, in 
DE 198 23 921 Al . For this purpose, the current storage 
30 capacity of the nitrogen oxide storage catalyst is 
determined, and a defective nitrogen oxide storage 
catalyst is diagnosed if the capacity drops below a 
predetermined minimum capacity. 

35 It is an object of the present invention to improve the 
accuracy with which the instant at which a nitrogen 
oxide storage catalyst is switched from the storage 
phase to the regeneration phase is determined and 
thereby to open up the possibility of further 
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optimizing the fuel consumption when operating a 
nitrogen oxide storage catalyst while, at the same 
time, maintaining low nitrogen oxide emissions. 
Moreover, the invention is also to provide a 
) possibility for on board diagnosis of the performance 
of the nitrogen oxide storage catalyst. 



This object is achieved by an improved method for 
determining the instant at which a nitrogen oxide 

0 storage catalyst is switched from the storage phase to 
the regeneration phase and for diagnosing the storage 
properties of the storage catalyst. The nitrogen oxide 
storage catalyst is in this case arranged in the 
exhaust section of an internal combustion engine 

5 operated predominantly with a lean air/fuel ratio and 
stores the nitrogen oxides contained in the exhaust gas 
during the storage phase but releases the nitrogen 
oxides again in the regeneration phase, during which 
the internal combustion engine is operated with a rich 

0 air/fuel ratio for a regeneration period, catalytically 
converting them as it does so. The filling level is 
determined continuously during the storage phase by 
integration of the nitrogen oxide mass stored per unit 
time at each instant, and the nitrogen oxide storage 

5 catalyst is switched over on the basis of the filling 
level which has been reached. 



The method is characterized in that the filling level 
of the storage catalyst which remains after 
regeneration has been carried out is used as the 
starting value for determining the filling level during 
the next storage phase. 



The present method can be employed both for lean-burn 
gasoline engines and for diesel engines. 

To determine the nitrogen oxide filling level F of the 
storage catalyst during the storage phase (lean-burn 
operation of the engine) , it is possible for the 
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nitrogen oxide mass stored per unit time at each 
instant to be determined from the prevailing nitrogen 
oxide conversion rate U and the nitrogen oxide mass 
flow in the exhaust gas upstream of the catalyst, the 
> corresponding conversion rate being dependent, inter 
alia, on the existing filling level, the exhaust-gas 
temperature, the normalized air/fuel ratio A of the 
exhaust gas and on the nitrogen oxide mass flow. 

) The nitrogen oxide conversion rate U is defined in 
accordance with equation (1) . m NO x,u P denotes the 
nitrogen oxide mass flow upstream of the storage 
catalyst, and m NOx ,down denotes the nitrogen oxide mass 
flow downstream of the storage catalyst: 



) 



f m \ 

j _ NOx, down 
V ITl NOx, up J 



100% (1) 



The nitrogen oxide conversion rate is at a maximum when 
the storage catalyst has been completely emptied. As 

) the filling of the storage catalyst increases, the 
conversion rate decreases, down to zero when the 
filling level has reached the value F = 1. The nitrogen 
oxides contained in the exhaust gas then pass through 
the storage catalyst freely. The change in the nitrogen 

i oxide filling level AF during a period of time At 
results, according to equation (2) from the nitrogen 
oxide conversion rate U by multiplying it by the 
current nitrogen oxide mass flow upstream of the 
catalyst m NO x,upj 



AF = U(F,TA)m NOxup (t).At (2) 

The filling level at the current instant can be 
obtained by integration over the operating states which 
have been passed through since the last regeneration. 
When a limit filling level is reached, the storage 
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phase is terminated and the regeneration phase is 
initiated. 

The limit filling level may be a fixed value which has 
been determined on a one-off basis for the particular 
storage catalyst. However, since the storage capacity 
of the storage catalyst is not only a materials 
property, but rather is also dependent on the 
prevailing operating conditions, it is preferable for 
the limit filling level to be defined as a function of 
these operating conditions. 



In the case of lean-burn gasoline engines, the duration 
of the storage phase is approximately between 60 and 
120 seconds, whereas the duration of the regeneration 
phase is approximately 1 to 5 seconds. During the 
storage phase, the engine is operated with a lean 
air/fuel ratio with a normalized air/fuel ratio A of 
generally over 1.3. The normalized air/fuel ratio A is 
in this case the air/fuel ratio standardized for 
stoichiometric conditions. To regenerate the catalyst, 
the engine is operated with a rich air/fuel ratio, i.e. 
the normalized air/fuel ratio of the exhaust gas 
leaving the engine is less than 1. A value of between 
0.7 and 0.98 is customarily selected. The working 
temperature of typical storage catalysts is between 150 
and 550°C. 



The regeneration of the storage catalyst can be carried 
out without problems in lean-burn gasoline engines, 
since these type of engines can also be operated stably 
using a rich air/fuel ratio. The regeneration of the 
storage catalyst is in this case generally complete, 
i.e. the nitrogen oxides which have previously been 
stored are virtually completely released again during 
the regeneration. 



The nitrogen oxide content of the exhaust gas from 
diesel engines is significantly lower than the nitrogen 
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oxide content of the exhaust gas from lean-burn 
gasoline engines. Accordingly, the storage phase for 
the storage catalyst in the exhaust section of a diesel 
engine can be up to 300 seconds and more using the same 
5 storage capacity. Since a diesel engine does not run 
very stably when it is operated with a rich air/fuel 
ratio, it is difficult to regenerate the storage 
catalyst. The situation often arises whereby the 
regeneration has to be terminated prematurely, for 

10 example on account of changes to the operating state of 
the engine, and consequently at the start of the new 
storage phase the storage catalyst still has a residual 
filling level F res of nitrogen oxides, which according 
to the invention is used as the starting value for 

15 determining the nitrogen oxide filling level during the 
next storage phase. 

Taking account of the residual filling level after a 
regeneration as the starting value for determining the 

20 nitrogen oxide filling level during the next storage 
phase leads to only minor changes in the case of lean- 
burn gasoline engines, since the storage catalyst of 
these engines can generally always be almost completely 
emptied during the regeneration. In the case of diesel 

25 engines, however, complete emptying of the storage 
catalyst during . regeneration is not always guaranteed. 
In this case, taking account of the residual filling 
level in accordance with the invention when determining 
the instant at which the engine is switched from lean 

30 burn to rich operation leads to a significantly 
improved performance of the exhaust-gas purification 
system and generally also to a reduced fuel 
consumption. 

35 The residual filling level after the storage catalyst 
has been regenerated can be determined using a 
previously determined relationship between the filling 
level and the filling level at the start of 
regeneration, the duration of regeneration, the 
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normalized air/fuel ratio of the exhaust gas during the 
regeneration and the exhaust-gas temperature. For this 
purpose, the previously determined relationship can be 
stored in the form of empirically determined 
5 characteristic diagrams or as a mathematical model in 
the electronic control unit of the engine. 



According to equation (2), to determine the filling 
level during the storage phase, the nitrogen oxide mass 

10 stored per unit time at each instant is determined from 
the prevailing nitrogen oxide conversion rate and the 
nitrogen oxide mass flow in the exhaust gas upstream of 
the catalyst. For this purpose, a nitrogen oxide sensor 
may be arranged in the exhaust section downstream of 

15 the storage catalyst, and this sensor records the 
nitrogen oxide mass flow downstream, of the catalyst. 
The nitrogen oxide mass flow upstream of the catalyst, 
which is required to calculate the conversion, is 
generally stored in the electronic control unit of the 

20 engine for each operating point in the form of a 
mathematical model or empirically determined 
characteristic diagrams, and therefore does not 
necessarily have to be measured with the aid of a 
second nitrogen oxide sensor upstream of the catalyst. 

25 The operating parameters which are crucial to the mass 
flow of nitrogen oxides emitted by the engine include 
the engine speed, the torque (load), the air/fuel ratio 
fed to the engine, the temperature of the intake air, 
the ignition angle, the exhaust-gas recirculation, etc. 

30 

As an alternative to using measurement technology to 
record the nitrogen oxide mass flow downstream of the 
catalyst, and therefore also the nitrogen oxide 
conversion, it is also possible for these variables to 
35 be determined purely by calculation. For this purpose, 
it is necessary to determine in advance the dependency 
between the conversion rate and the filling level of 
the storage catalyst for various operating states of 
the engine. The storage catalyst is first of all 
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conditioned, and then the conversion rate starting from 
a completely empty storage catalyst is determined 
experimentally as a function of the filling level which 
is established. This functional relationship is stored 
5 in the form of empirical data, e.g. as characteristic 
diagrams, or as a mathematical model in the electronic 
control unit of the engine. 



In operation, the filling level of the storage catalyst 
0 is then calculated during a storage phase by 
integration of equation (2) over the operating states 
of the engine which have occurred since the last 
regeneration, with the residual filling level at the 
start of the storage phase being taken into account as 
5 a boundary condition in accordance with the invention. 
For this purpose, the nitrogen oxide mass flow m NOx ,up 
associated with the instantaneous engine operating 
point and the conversion rate U for the filling level 
which has already been reached are taken from the 
0 characteristic diagrams or the mathematical model. 



The determination of the filling level which has just 
been described can be achieved without having recourse 
to measured conversion values. However, in this case 

5 there is a risk of the calculations being increasingly 
at variance with the real conditions on account of 
aging of the storage catalyst. It is therefore 
recommended that the nitrogen oxide conversion rate 
additionally be determined by the above-described 

0 measurement of the nitrogen oxide mass flow downstream 
of the catalyst. 



The additional measurement of the nitrogen oxide mass 
flow downstream of the storage catalyst, or the 
measurement of the nitrogen oxide conversion rate, 
makes it possible to diagnose the storage capacity of 
the catalyst by comparing this parameter with the 
nitrogen oxide conversion rates determined from the 
mathematical model or the empirical characteristic 



WO 2005/078254 PC T/EP2005/001 128 

- 11 - 

diagrams. The storage capacity of the catalyst has 
dropped if the measured nitrogen oxide mass flow 
exceeds the calculated nitrogen oxide mass flow over a 
defined period of time and by a predetermined amount. 
5 If this situation arises, it is first of all attempted 
to restore the storage capacity by means of sulfur 
regeneration (desulf ating) . After repeated sulfur 
regeneration without success, a signal can be emitted 
that the storage catalyst needs to be replaced. Until 
10 the catalyst is replaced, the engine can be reset to 
stoichiometric operation, since experience has shown 
that a damaged storage catalyst still has a sufficient 
catalytic activity for stoichiometric operation. 

15 The method for determining the nitrogen oxide 
conversion rate by calculation from the characteristic 
diagrams or with the aid of a mathematical model which 
has been described so far assumes that the relationship 
between nitrogen oxide conversion rate and nitrogen 

20 oxide filling level is independent of the filling level 
which remains in the storage catalyst following a 
regeneration process. However, experimental tests 
carried out by the inventors have revealed that it is 
an oversimplification to assume such a relationship is 

25 independent of the recent history of the catalyst. It 
has been discovered that the nitrogen oxide conversion 
rate of the storage catalyst is higher immediately 
after partial or incomplete regeneration than would be 
expected according to the relationship between the 

30 nitrogen oxide conversion rate and the filling level 
after complete regeneration. Only after a certain 
period of time does the behavior of the storage 
catalyst shift back toward the behavior after complete 
regeneration. This fact leads to corresponding errors 

35 when integrating the filling level and therefore to 
incorrect determination of the instant at which the 
storage catalyst should be switched from the storage 
phase to the regeneration phase. 
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Therefore, a further improvement when determining the 
instant at which the storage catalyst is switched over 
can be achieved if the prevailing nitrogen oxide 
conversion rate during the storage phase is provided 
5 with a correction for the current operating state and 
instant following a previous, incomplete regeneration 
of the storage catalyst, in accordance with equation 
(3), the correction K being determined from a 
previously determined relationship between nitrogen 
10 oxide conversion rate and nitrogen oxide filling level 
after incomplete regeneration 

AF = [U(F,TA) + K(F,F rcs3 T 5 X)] m mx (t) - At, (3) 

15 where F res is the residual filling level after partial 
regeneration has taken place. 

As has already been explained, it has been discovered 
that the correction K decreases with a rising filling 

20 level F, i.e. with an increasing distance between the 
instantaneous filling level and the residual filling 
level F res after the last regeneration (F - F res ) , so 
that the performance of the catalyst approaches the 
performance of equation (1) again as the filling level 

25 increases. Therefore, the correction can approximately 
be assumed to be a function which decreases linearly or 
exponentially with (F - F res ) - 

Even when using equation (3) to integrate the filling 
30 level over the previous operating states of the engine, 
the method can once again be supplemented by 
measurement of the nitrogen oxide mass flow downstream 
of the catalyst in order to provide the option of 
diagnosing the storage capacity of the catalyst. 

35 

The following examples and the figures serve to improve 
understanding of the present invention. In the figures: 
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Figure 1 : shows the relationship between the nitrogen 

oxide conversion rate and the filling level 
of the storage catalyst, calculated as N0 2 in 
grams per liter of catalyst volume [g/1] for 
5 a storage catalyst following complete 

regeneration, 



Figure 2 : shows nitrogen oxide slippage [ppm by volume] 

downstream of storage catalyst during 
10 repeated storage cycles with incomplete 

regeneration, 

Figure 3 : shows the remaining filling level (residual 

filling level F res ) of a storage catalyst 
15 following incomplete regeneration (partial 

regeneration) as a function of the filling 
level at the start of the regeneration, 



Figure 4 : shows the relationship between the nitrogen 
20 oxide conversion rate and the existing 

filling level of a storage catalyst following 
incomplete regeneration of the latter. 



Example 

25 

A conventional storage catalyst was produced by coating 
a honeycomb carrier of cordierite (62 cells/cm , 
corresponding to 400 cpsi) with a catalyst material 
based on barium oxide, which as catalytically active 
30 components contained platinum and rhodium on an active 
alumina . 



A drilled core of this ca 
2.54 cm and a length of 
35 following tests in a model 
model gas installation, the 
various working cycles 
regeneration phases at a gas 
space velocity of 77 000 



alyst with a diameter of 
.62 cm was used for the 
gas installation. In the 
catalyst was subjected to 
comprising storage and 
temperature of 250°C and a 
_1 . The gas compositions 
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during these phases can be taken from the table below. 
Under these exhaust-gas conditions, the catalyst had a 
storage capacity of approximately 2.5 grams of N0 2 per 
liter of catalyst volume. 

5 

Table : Gas composition during storage and regeneration 
phase 



Gas component 


Storage phase 
(lean) 


Regeneration phase 
(rich) 


Carbon monoxide 


200 ppm by volume 


2 % by volume 


Hydrogen 


0 ppm by volume 


0.7 % by volume 


Propane 


34 ppm by volume 


1000 ppm by volume 


Propene 


80 ppm by volume 


20 60 ppm by volume 


Nitrogen monoxide 


200 ppm by volume 


200 ppm by volume 


Oxygen 


12 % by volume 


1.4 % by volume 


Carbon dioxide 


6 % by volume 


10.3 % by volume 


Water (steam) 


6.6 % by volume 


12 % by volume 


Nitrogen 


Remainder 


Remainder 


Air/fuel ratio 


2.27 


0. 93 



10 Nitrogen oxide conversion rate as a function of the 
filling level after complete regeneration of the 
storage catalyst 

To determine the nitrogen oxide conversion rate as a 
15 function of the nitrogen oxide mass already stored on 
the catalyst in each case after complete regeneration, 
the catalyst was conditioned prior to each measurement 
at a gas temperature of 550°C with 15 rich/lean cycles. 
Then, the nitrogen oxide conversion rate during a 
20 storage phase was determined from the nitrogen oxide 
concentration upstream and downstream of the catalyst, 
and the nitrogen oxide mass stored on the catalyst was 
calculated from this information by integration over 
the storage phase. Normalizing this nitrogen oxide mass 
25 to the storage capacity of approximately 2.5 g of NOx 
per liter of catalyst volume which is present under 
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these exhaust-gas conditions results in the filling 
level of the storage catalyst. 



Figure 1 shows the corresponding performance of the 
5 catalyst. The nitrogen oxide conversion rate is 
virtually 1 (100%) for the fully regenerated catalyst. 
With increasing occupation by nitrogen oxides, the 
nitrogen oxide conversion rate decreases, dropping 
toward zero when the filling level approaches 100%. 

10 

This form of the functional relationship between 
nitrogen oxide conversion rate and filling level is 
virtually independent of the nitrogen oxide 
concentration contained in the exhaust gas and on its 
15 space velocity. 



Nitrogen oxide slippage downstream of storage catalyst 
during repeated storage cycles with incomplete 
regeneration 

20 

Figure 2 shows the nitrogen oxide slippage downstream 
of the catalyst for successive working cycles 
comprising in each case one storage phase with a 
duration of 320 seconds and one regeneration phase of 
25 just 2 seconds. 



It is clearly apparent that the nitrogen oxide slippage 
during a storage phase increases with increasing 

occupation of the storage catalyst. Without 

30 regeneration, the slippage would ultimately be equal to 

the nitrogen oxide concentration upstream of the 

catalyst. The storage capacity of the catalyst would be 
exhausted. 



35 However, the regeneration carried out after in each 
case 320 seconds is insufficient to completely 
regenerate the catalyst, i.e. the slippage at the start 
of the next storage phase already amounts to a certain 
level, which increases with an increasing number of 
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working cycles carried out but reaches a constant value 
after a certain number of storage cycles. In this 
steady state, exactly the same amount of nitrogen oxide 
is stored during a storage phase as can be released 
5 again during the regeneration phase. 

The parameters used here (duration of storage and 
regeneration phase) are typical for use in a diesel 
vehicle if the regeneration phase cannot be completed 

10 on account of the need for a load change. In this case, 
a considerable proportion of the nitrogen oxides stored 
in the last storage phase remains on the storage 
catalyst. According to the invention, this fact is 
taken into account by virtue of the fact that when 

15 tracking the next storage phase the residual filling 
level which remains in the storage catalyst F res is 
taken into account as a starting value when calculating 
the subsequent nitrogen oxide storage. 

20 Residual filling level remaining on the storage 
catalyst after incomplete regeneration 

Figure 3 shows the relationship, obtained from such 
measurements, between the residual filling level 
25 remaining on the storage catalyst in the event of 
incomplete regeneration and the filling level present 
on the catalyst at the start of the regeneration. These 
two variables have an approximately linear 
relationship . 

30 

Two series of working cycles in accordance with 
Figure 2 were recorded in order to determine the 
relationship shown in Figure 3. In the first series, 
the storage phase had a duration of just 70 seconds, 
35 with a regeneration phase of 2 seconds. The measurement 
points obtained from this series are indicated by 
squares in Figure 3. The storage phase of the second 
series lasted in each case 320 seconds, with the same 
regeneration period of just 2 seconds. The 
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corresponding measurement points are indicated by 
triangles . 

Relationship between the nitrogen oxide conversion rate 
5 and the filling level of the storage catalyst after 
incomplete regeneration of the storage catalyst 

The relationship between the nitrogen oxide conversion 
rate and the filling level of the storage catalyst 
10 after in each case complete regeneration has already 
been shown in Figure 1. This relationship is used to 
calculate the filling level during a storage phase by 
integration over the duration of the storage phase. If 
a defined limit value is reached or exceeded, the 

* 

15 regeneration of the storage catalyst can be initiated. 

According to the invention, the curve shown in Figure 1 
can be used as an approximation also for calculation of 
the filling level after incomplete regeneration. 

20 However, more detailed investigations carried out by 
the inventors have shown that immediately after a 
regeneration operation the nitrogen oxide conversion 
rate is greater than would be expected according to the 
residual filling level at the catalyst. Therefore, the 

25 curve shown in Figure 1 was also determined for the 
case of incomplete regeneration. For this purpose, once 
again a series of working cycles with incomplete 
regeneration was recorded and the relationship between 
the nitrogen oxide conversion rate and the filling 

30 level was determined from the measured values. 

Figure 4 shows the curves determined in this way for 
the combination of a storage phase of 320 seconds with 
a regeneration phase of 2 seconds compared to the 
35 corresponding curve after complete regeneration in 
accordance with Figure 1. As this relationship shows, 
the measured nitrogen oxide conversion rate immediately 
after incomplete regeneration is significantly greater 
than would be expected according to the filling level 
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following complete regeneration (Figure 1) . However, 
the increase in the nitrogen oxide conversion rate 
drops rapidly as the filling level increases, with the 
result that after a short time the nitrogen oxide 
5 conversion rate is approximately equivalent to the 
value after complete regeneration. 



According to the invention, therefore, after incomplete 
regeneration the storage loading ' to be calculated 
0 during the next storage phase can be significantly 
improved by taking account of the described increase in 
the nitrogen oxide conversion rate, for example by 
incorporating a correction element. 



